Essential oils (EOs) extracted from natural products are made up of large number of chemical constituents. Being natural mixtures of very complex nature, essential oils may consist of about 20-60 components at quite different concentrations. Essential oils are characterized by two or three major components being present at fairly high concentrations (20-70%) in comparison to other components that are present in trace amounts. From that reason one plant can provide a pool of chemical ingredients that cause a whole range of activities. The present paper analyzes the activities in the space of the chemical constituents of EOs of 7 medicinal plants from Lamiaceae family known as peppermint, oregano, thyme, rosemary, sage, basil and lemon balm. The hierarchical clustering analysis (HCA) was applied to explore the similarities and dissimilarities between the 7 Lamiaceae herbs, and chemical constituents of their EOs together with their antioxidant and antibacterial activity. More in-depth examination of the data was achieved by color map. HCA indicated the uniqueness of each essential oil considered. The high content of certain compounds, as well as the unique presence of other chemical constituents were identified for each EO. HCA grouped the studied EOs into two clusters: one with peppermint, oregano and thyme, and the other with rosemary and sage, while basil and lemon balm were non-clustered.
INTRODUCTION
Essential oils (EOs) are volatile secondary metabolites isolated from plant material. Plants from the Asteraceae, Apiaceae, Lamiaceae (Labiatae), Lauraceae, Liliaceae, Mirtaceae, Magnoliaceae, Rutaceae and Pinaceae families are among those with a high content of EOs (1) . EOs contain a large variety of different chemical compounds. The total content of essential oils in plants may be as high as 2% or more (V/m). Spice aromas
METHODS
The chemical constituents of EOs isolated from 7 herbs as well as their activities were taken from the literature (21) (22) (23) (24) . The examined herbs were Rosmarinus officinalis, Salvia officinalis (21) , Mentha piperita (22) , Ocimum basilicum, Origanum vulgare, Thymus vulgaris (23) and Melissa officinalis (24) . Matrices containing activities and chemical constituents were subjected to multivariate statistical analysis. The studied data were organized in the data matrix X(7×127), where rows correspond to 7 studied Lamiaceae species (Salvia officinalis, Rosmarinus officinalis, Mentha piperita, Ocimum basilicum, Origanum vulgare, Melissa officinalis and Thymus vulgaris), and columns represent chemical composition of essential oils (parameter nos. 1-112), antioxidant activity (parameter nos. 113 and 114) and antibacterial activity for 20% solution of essential oils (parameter nos. 115-127), listed in Table 1 . Table 1 .
Continuation
The HCA was applied to compare the studied Lamiaceae species in the space of studied parameters describing the chemical composition of essential oils, as well as the antioxidant and antibacterial activity for 20% solution of essential oils. The Euclidean distance and the Ward linkage algorithm were applied in the analysis. The disadvantage of the HCA (i.e. the incapability of simultaneous interpretation of the observed patterns in terms of the original parameters) was overcome by the use of visualization method of the studied data presented in the form of a color map (16, 17) . The comparison of the studied Lamiaceae species was performed for the standardized data X c (7×127) using MATLAB software, version 6. 
RESULTS AND DISCUSSION
Chemometric methods were used to explore the similarities and dissimilarities between the 7 herbs from Lamiaceae species (sage, rosemary, peppermint, basil, oregano, lemon balm and thyme), i.e. chemical constituents of the EOs together with their antioxidant and antibacterial activity. Two standard methods were applied: principal component analysis (PCA) and hierarchical clustering analysis (HCA). Unfortunately, PCA that is in most cases effective in the analysis of the data did not give clear results in comparison and classification of the EOs of the investigated plants. On the other side HCA effectively allowed description of the relationships between objects in the parameters space and parameters in the objects space, respectively.
The results of HCA are given in the form of a dendrogram presented in Fig 1 . Because of a huge number of objects included in the analysis the figure is more illustrative, and the detailed explanation is given in the text.
The studied Lamiaceae species (objects) are grouped into two clusters ( Figure 1a ): -cluster A containing Mentha piperita, Origanum vulgare and Thymus vulgaris (objects nos. 3, 5 and 6), -cluster B composed of Rosmarinus officinalis and Salvia officinalis (objects nos. 1 and 2), and -non-clustered Ocimum basilicum and Melisa officinalis (objects nos. 4 and 7). In the main cluster A, the prominence of Mentha piperita (object no 3) is discernible. The dendrogram constructed for the studied parameters (chemical constituents, antioxidant and antibacterial activity) in the samples' space (see Figure 1b ) reveals four main classes:
- The dendrogram of 7 Lamiaceae species in the space of chemical constituents, and the antioxidant and antibacterial activity of EOs has been complemented with the color map of the studied data sorted according to the Ward linkage method (see Figure 1c ). Mentha piperita, Origanum vulgare and Thymus vulgaris (objects nos. 3, 5 and 6) located in cluster A are characterized by the lack of caryophyllenol (parameter no 88), the highest content of spathulenol (parameter no 89), and high antibacterial activity of essential oil against Micrococcus flavus (ATCC 10240) (parameter no 124). Moreover, the essential oil of Origanum vulgare (object no 5) differs from all the remaining Lamiaceae species mainly due to the highest content of α-selinene and βbisabolene (parameter nos. 75 and 79), the unique presence of b-eudesmol (parameter no 92) and the highest antibacterial activity against Gram-negarive and Gram-positive bacterial strains except for Pseudomonas aeruginosa (IPH-MR) (parameter no 116). What makes the essential oil of Thymus vulgaris (object no. 6) unique is the highest content of γ-terpinene, p-cymene, neo-menthol, terpinen-4-ol, piperitone, thymol, β-cubebene, γ-cadinene and ledol (parameter nos. 13, 15, 34, 40, 47, 57, 64, 84 and 87, respectively) , the presence of thymol methyl ether, Z-calamene, cadalene, and 2-nonanone (parameter nos. 59, 82, 83 and 111, respectively), the highest antioxidant activity OH (parameter no 114) and the lowest content of β-pinene (parameter no 5).
The essential oil of Mentha piperita (object no 3) is characterized by the highest content of E-sabinene hydrate, menthone, isomenthone, menthol, 1-α-terpineol, β-elemene, Z-β-farnesene and spathulenol (parameter nos. 20, 30, 31, 35, 44, 65, 86 and 89, respectively), the unique presence of β-myrcene, α-neo-isomenthol, menthyl acetate, isomenthyl acetate, epizonarene, and t-muurolol (parameter nos. 7, 36, 49, 50, 76 and 95, respectively), and the lowest antibacterial activity against Gram-negative Escherichia coli (IPH-MR) (parameter no 119).
The Lamiaceae species collected in cluster B (Rosmarinus officinalis and Salvia officinalis -objects nos. 1 and 2) are singular since they display the lowest antibacterial activity of essential oils against Shigella sonei (IPH-MR) (parameter no 122), and a relatively high content of β-pinene, camphor and borneol (parameter nos. 5, 27 and 33) in comparison with all the remaining samples tested. Furthermore, the essential oil of Rosmarinus officinalis (object no 1) is exceptional due to the highest content of monoterpene hydrocarbons α-pinene, camphene, sabinene, limonene, aromatic monoterpene hydrocarbon o-cymene, oxygenated monoterpenes camphor, borneol, and aliphatic component 3-octenol (parameter nos. 1, 2, 4, 5, 10, 16, 27, 33 and 97), the presence of β-phellandrene, α-terpinolene, Z-linalool oxide, Z-sabinene hydrate, endo-fenchol, camphene hydrate, methyl eugenol, α-jlangene, γ-muurolene and octadecane (parameter nos. 12, 14, 19, 21, 24, 29, 61, 62, 77 and 104), and the lowest antibacterial activity against Gramnegative Salmonella typhi (IPH-MR), and Gram-positive and Bacillus subtilis (ATCC 10707) (parameter nos. 121 and 127, respectively). The essential oil of Salvia officinalis (object no 2) differs due to the highest content of oxygenated monoterpenes α-and β-thujone, bornyl acetate, sesquiterpene hydrocarbon α-humulene, oxygenated sesquiterpene viridiflorol, and aliphatic component eicosane (parameter nos. 23, 25, 48, 71, 91 and 106, respectively), as well as the unique presence of myrtenol, longifolene, allo-aromadendrene, Z-α-bisabolene, E,E-α-farnesene, sclareol, pentadecane and heptadecane (parameter nos. 45, 66, 72, 78, 80, 96, 102 and 103, respectively).
The non-clustered essential oil of Ocimum basilicum (object no 4) is characterized by the lowest antibacterial activity against Salmonella enteritidis (IPH-MR) (parameter no 120), the highest content of E-isolimonene, Z-β-ocimene, linalool, methyl chavicol, αcopaene, β-selinene, δ-cadinene and E-1-eicosene (parameter nos. 6, 11, 22, 60, 63, 73, 85 and 107, respectively), the unique presence of E-pinane, E-linalool oxide, E-camphenone, menthofuran, Z-caryophyllene, E-guaiene, aromadendrene, vulgarone B, E,E-farn-nesol, dihydroedulan II, 3-dodecanone, nonadecene, and 1,4-dimethoxy-benzene (parameter nos. 3, 18, 28, 32, 67, 69, 70, 73, 93, 94, 99, 100, 105 and 112, respectively) .
The non-clustered essential oil of Melisa officinalis (object no 7) differs from the remaining Lamiaceae species mainly due to the highest content of geranyl acetate, germacrene D and caryophyllene oxide (parameter nos. 56, 74 and 90, respectively), the unique presence of δ-3-Carene, E-rose oxide, citronellal, neral, geranial, nerol, citronellol, geraniol, methyl citronellate, Z-limonene oxide, Z-carvyl acetate, neryl acetate, E-β-damascenone, (Oxygenated Monoterpenes), Z-β-farnesene, 3-octanol, nonadecane, n-heneicosane, pentacosane, and dodecanal as well as the antioxidant activity DPPH (IC 50 ) (parameter nos. 8, 26, 37-39, 41-43, 51-55, 81, 98, 101, 108-110 and 113, respectively) and the lack of 1,8-cineole (parameter no 17) which is present in all the remaining essential oils.
CONCLUSIONS
The HCA made clustering of the studied Lamiaceae species possible. Two clusters were obtained: one with peppermint (Mentha piperita), oregano (Origanum vulgare) and thyme (Thymus vulgaris), and the other with rosemary (Rosmarinus officinalis) and sage (Salvia officinalis). It also proved basil (Ocimum basilicum) and lemon balm (Melisa officinalis) to be exceptional. Mentha piperita, Origanum vulgare and Thymus vulgaris are singular due to the lack of caryophyllenol and the highest content of spathulenol, as well as a relatively high antibacterial activity of essential oil against Micrococcus flavus in comparison with the remaining Lamiaceae species.
Of all the studied samples, Rosmarinus officinalis and Salvia officinalis displayed the lowest antibacterial activity of essential oils against Shigella sonei (IPH-MR) and a relatively high content of β-pinene, camphor and borneol. Ocimum basilicum stands out from the rest because of its lowest antibacterial activity against Salmonella enteritidis (IPH-MR), the highest content of E-isolimonene, Z-β-ocimene, linalool, methyl chavicol, α-copaene, β-selinene, δ-cadinene and E-1-eicosene and the uniqueness resulting from the content of E-pinane, E-linalool oxide, E-camphenone, menthofuran, Z-caryophyllene, E-guaiene, aromadendrene, vulgarone B, E,E-farnnesol, dihydroedulan II, 3-dodecanone, nonadecene, and 1,4-dimethoxy-benzene.
Melisa officinalis varies from the remaining studied Lamiaceae species due to the highest content of geranyl acetate, germacrene D and caryophyllene oxide, the uniqueness resulting from the presence of δ-3-carene, E-rose oxide, citronellal, neral, geranial, nerol, citronellol, geraniol, methyl citronellate, Z-limonene oxide, Z-carvyl acetate, neryl acetate, E-β-damascenone, Z-β-farnesene, 3-octanol, nonadecane, n-heneicosane, pentacosane, and dodecanal as well as the antioxidant activity DPPH (IC50). Furthermore, Melisa officinalis is the only plant lacking 1,8-cineole, present in all the remaining essential oils.
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